Photoreceptor channel activation by nucleotide derivatives.
Cyclic nucleotide activated sodium currents were recorded from photoreceptor outer segment membrane patches. The concentration of cGMP and structurally similar nucleotide derivatives was varied at the cytoplasmic membrane face; currents were generated at each concentration by the application of a voltage ramp. Nucleotide-activated currents were analyzed as a function of both concentration and membrane potential. For cGMP, the average K0.5 at 0 mV was 24 microM, and the activation was cooperative with an average Hill coefficient of 2.3. Of the nucleotide derivatives examined, only 8-[[(fluorescein-5-yl-carbamoyl)methyl]thio]-cGMP (8-Fl-cGMP) activated the channel at lower concentrations than cGMP with a K0.5 of 0.85 microM. The next most active derivative was 2-amino-6-mercaptopurine riboside 3',5'-monophosphate (6-SH-cGMP) which had a K0.5 of 81 microM. cIMP and cAMP had very high K0.5 values of approximately 1.2 mM and greater than 1.5 mM, respectively. All nucleotides displayed cooperativity in their response and were rapidly reversible. Maximal current for each derivative was compared to the current produced at 200 microM cGMP; only 8-Fl-cGMP produced an identical current. The partial agonists 6-SH-cGMP, cIMP, and cAMP activated currents which were approximately 90%, 80%, and 25% of the cGMP response, respectively. 5'-GMP, 2-aminopurine riboside 3',5'-monophosphate, and 2'-deoxy-cGMP produced no detectable current. The K0.5 values for cGMP activation, examined from -90 to +90 mV, displayed a weak voltage dependence of approximately 400 mV/e-fold; the index of cooperativity was independent of the applied field.(ABSTRACT TRUNCATED AT 250 WORDS)